Nitrous oxide is used widely in intensive care units as a 50% mixture with oxygen (Entonox) to produce analgesia during chest physiotherapy and other painful procedures. The aim of this study was to determine whether the administration of nitrous oxide 50% in oxygen would prevent or decrease the increases in intracranial pressure (i.c.p.) which occur normally during chest physiotherapy in patients with severe head injuries (Gibson et al., 1975) . The results obtained prompted a second investigation into the effects of nitrous oxide in oxygen on i.c.p. in the absence of chest physiotherapy.
METHODS
The changes in i.c.p. which occurred during chest physiotherapy were compared during administration of either oxygen 100% or nitrous oxide 50% in oxygen (Entonox).
Random number tables were used to determine the treatment for each episode of chest physiotherapy. There were three patients in the trial, all of whom had severe head injury and whose lungs were being ventilated mechanically. During chest physiotherapy the lungs were "bagged" by an anaesthetist, using a Mapleson C system (Mapleson, 1954 ) (fresh gas flow of greater than twice the minute volume of the patient). I.c.p. was recorded continuously from a subdural catheter or device, or an extradural device (Coroneos et al., 1973) signal from which was amplified and recorded on a Devices chart recorder. The maximum increase in mean i.c.p. occurring during the period of chest physiotherapy was obtained from the chart recordings. This trial was terminated prematurely when it was found that the administration of Entonox was accentuating the changes in i.c.p. produced by chest physiotherapy.
In a second study, the effect of Entonox on i.c.p. was studied in a further nine patients with severe head injury during mechanical ventilation. However, in these patients physiotherapy was not undertaken. In these patients IPPV had been established for at least 6 h with Pa C02 values between 3.3 and 4.0 kPa. No patient was included who required an inspired oxygen concentration greater than 50%. I.c.p. was measured as described above, and was recorded at a fast chart speed for 10 min before the administration of Entonox, for either 5 min (two administrations) or 10 min (14 administrations) during the administration of Entonox (through the oxygen inlet of the Cape ventilator), and for 10 min after the discontinuation of the Entonox. During the last six administrations of Entonox, end-tidal carbon dioxide concentration was measured by mass spectrometry (Medishield). Arterial blood-gas tensions were measured within 4 h of the administration of the Entonox as part of the routine management of the patient in the intensive care ward.
RESULTS
Mean i.c.p. before chest physiotherapy was the same in the 100% oxygen group as in the Entonox group. I.c.p. increased by 22.7 mm Hg (SD 10.6) when physiotherapy was performed with Entonox compared with 10.5 mm Hg (SD 10.4) during the administration of oxygen (0.02 >P> 0.01) (table I and fig. 1 ). In two patients A-waves (Lundberg, 1960) were precipitated by Entonox and physiotherapy, but this occurred also in one patient when physiotherapy was being carried out with oxygen alone. When Entonox was administered to patients not undergoing chest physiotherapy there was a mean increase in i.c.p. of 3.8. mm Hg (SD 2.4) (range 0-8.5 mmHg) (P< 0.001). After the withdrawal of nitrous oxide there was a mean decrease in i.c.p. of 4.6 mm Hg (SD 2.8) (P< 0.001) (table II and fig. 2 ).
There was a mean decrease in end-tidal carbon dioxide concentration of less than 0.1% (range 0-0.1%) when nitrous oxide was given.
DISCUSSION
Reports on the effect of nitrous oxide on i.c.p. are contradictory. In dogs, Saidman and Eger (1965) showed no change in i.c.p. with 70-75% nitrous oxide, whereas Sakabe and colleagues (1978) found an increase in i.c.p. In man, increases in i.c.p. have been reported during the induction of anaesthesia in patients with intracranial tumours and aneurysms ( Sondergard, 1961; Hulme and Cooper, 1972; Henriksen and Jorgensen, 1973; Greenbaum et al., 1975; Phirman and Shapiro, 1977) , and during established anaesthesia with hypocapnia in patients with cerebral tumours (Misfeldt, Jorgensen and Rishoj, 1974) . However, Gordon and Greitz (1970) found no increase in lumbar cerebrospinal fluid pressure when nitrous oxide was administered with the anaesthetic gases to patients with normal i.c.p. Increases in cerebral blood flow (c.b.f.) occur on the administration of nitrous oxide to dogs (McDowall and Harper, 1965; Theye and Michenfelder, 1968; Sakabe et al., 1978) , but the reports in man are conflicting. Wollman and others (1965) reported no change in c.b.f. when 70% nitrous oxide was given to healthy male volunteers, whereas Sakabe and others (1976) found an increase in c.b.f. with 60% nitrous oxide in human volunteers. There has been no report of the effect of nitrous oxide on i.c.p. or c.b.f. in patients with severe head injury, although it has been suggested that increases may occur (Henriksen and Jorgensen, 1973) . Gibson and co-workers (1975) reported increases in i.c.p. during chest physiotherapy in patients with severe head injuries, which were thought to be partly a result of systemic hypertension and partly a result of cerebral activation produced by noxious stimulation. As Entonox is an analgesic, it might be expected to decrease such increases in i.c.p. However, after Entonox had been given on 12 occasions during chest physiotherapy, it was clear that the increases in i.c.p. were exacerbated.
The increase in i.c.p. with Entonox in the absence of chest physiotherapy is almost certainly a result of a cerebral vasodilatory action of the drug. An increase in end-tidal carbon dioxide concentration, which was expected because of the initial rapid uptake of nitrous oxide, was not seen and therefore cannot account for the increase in i.c.p. The increases in i.c.p. recorded here, in the absence of chest physiotherapy, were small but might be greater in patients with severe head injury breathing spontaneously, especially when the volume of the intracranial contents is on the steep part of the pressure-volume curve.
The use of nitrous oxide for general anaesthesia in head injuries is not contraindicated by our results, but hypocapnia should probably be induced first by hyperventilation with oxygen 100%. Misfeldt and colleagues (1974) showed that prior hyperventilation for lOmin or more with oxygen 100% prevented any marked increase in i.c.p. during the administration of nitrous oxide. However, when controlled hyperventilation has been in use for some hours, as in the management of severe head injury, any protective effect of hypocapnia against the increases in i.c.p. induced by nitrous oxide may be lost because of the adaptation of c.b.f. and i.c.p. with time to the low / > a C02 values. Finally, the results obtained here suggest that Entonox should be avoided in spontaneously-breathing head-injured patients during transport and admission to hospital. Kumagae, S., and Takeshita, H. (1976 
SUMARIO
En una prueba aleatoria, se administro oxido nitroso 50% en oxigeno (Entonox) u oxigeno 100% durante la fisioterapia del pecho, en 23 ocasiones, a tres pacientes ventilados mecanicamente que habian sufrido serias lesiones a la cabeza. La presion intracraneal (p.i.e.) aumento en un 22,7 mm Hg (SD 10,62) durante la fisioterapia del pecho con Entronox, en comparacion con 10,5 mm Hg (SD 10,4) con oxigeno 100% (P<0,02). Otros nueve pacientes mecanicamente ventilados con lesiones severas a la cabeza recibieron Entonox sin fisioterapia del pecho. Se produjo una p.i.c. media de 3,8 mm Hg (SD 2,4) (P< 0,001) cuando se administro Entonox, y una disminucion media de 4,6 mm Hg (SD 2,8) cuando se suspendio la administracion de oxido nitroso. La concentration de dioxido de carbono al fin mareal practicamente no acuso cambio alguno durante la administracion de oxido nitroso (disminucion de 0-0,1%). Concluimos que el oxido nitroso produce un aumento en la p.i.c. en aquellos pacientes con serias lesiones a la cabeza y exacerba los aumentos de p.i.c. que se producen durante la fisioterapia del pecho.
